Alteration of intracellular GSH levels and its role in microcystin-LR-induced DNA damage in human hepatoma HepG2 cells.
Microcystin-LR (MCLR) is a liver-specific toxin known as a tumour promoter in experimental animals. Its mechanisms of hepatotoxicity have been well documented; however, the mechanisms of other effects, in particular those related to its genotoxicity, are not well understood. In our previous studies, we showed that MCLR-induced DNA strand breaks are transiently present and that the damage is mediated by reactive oxygen species (ROS). In this study, we show that exposure of HepG2 cells to non-cytotoxic doses of MCLR-induced time-dependent alterations in the level of intracellular reduced glutathione (GSH). These comprised a rapid initial decrease followed by a gradual increase, reaching a maximum after 6h of exposure, before returning to the control level after 8h. During the first 4h, expression of glutamate-cysteine ligase (GCL), the rate-limiting enzyme of GSH synthesis, increased, indicating an increased rate of de novo synthesis of GSH. The most important observation of this study, combined with the results of our previous studies is the correlation between the time course of alterations of intracellular GSH content and the formation and disappearance of MCLR-induced DNA damage. When the intracellular GSH level was reduced, MCLR-induced DNA damage was observed to increase. Later, when the level of intracellular GSH was normal or elevated, new DNA damage was not induced and existing damage was repaired. To confirm the role of GSH system in MCLR-induced genotoxicity, the intracellular GSH level was moderated by pre-treatment with buthionine-(S,R)-sulfoximine (BSO), a specific GSH synthesis inhibitor, and with N-acetylcysteine (NAC), a GSH precursor. Pre-treatment with BSO dramatically increased the susceptibility of HepG2 cells to MCLR-induced DNA damage, while pre-treatment with NAC almost completely prevented MCLR-induced DNA damage. Thus, intracellular GSH is shown to play a critical role in the cellular defence against MCLR-induced DNA damage in HepG2 cells.